This paper is devoted to the study of the coordinate stability in undirected networks of dynamical agents with time-varying transmission delay. Neighbor-based rules are adopted to realize local control strategies for these continuous-time autonomous agents. Sufficient and necessary conditions in terms of linear matrix inequalities (LMIs) are given to guarantee the coordination of dynamical agents. Numerical simulations are given and demonstrate that our theoretical results are effective.
Introduction
The coordinate stability of multi-agent systems is an important research topic in engineering applications, including moving in formation for fleets of unmanned aerial vehicles (UAVs), satellite clusters and mobile sensor networks. In the last few years, it has attracted more attention in diverse fields in physics, biophysics, systems biology, applied mathematics, mechanics, computer science and control theory.
In the multi-agent systems, agents are usually coupled and interconnected with some simple rules including a proposed first-order/two-order dynamical model and nearest-neighbor rules. Using graph theory, Jadbabaie et al.
[1] provided a theoretical explanation for the consensus behavior of dynamical multi-agents. The extended results under some more relaxable conditions are studied in [2] . Saber et al. investigated a systematical framework of consensus problem under a variety of assumptions on the network topology (fixed or switching), presence or lack of communication delays, and directed or undirected network information flow [3, 4] .
In networks of the dynamic agents, time-varying delays may arise naturally, e.g., because of the moving of the agents, the congestion of the communication channels, the asymmetry of interactions, and the finite transmission speed due to the physical characteristics of the medium transmitting the information. The different consensus protocols have been investigated in [4] [5] [6] , where the communication delay is a fixed constant. The average-consensus problem of agents under continuous-time networks with both switching topology and time-delay is studied in [7, 8] , where the dynamics order of each agent is one. A leader-following consensus problem for multiple agent with communication transmission time delays is discussed in [9] , where the dynamics of each agent is second order.
Motivated by [7] and [9] , we study the coordinated stability of multi-agent systems where the dynamics of each agent is second order in this paper. The communication transmission time delays of multi-agent systems are varying and the interconnection graph of the agents is undirected. The method used in this paper is partly motivated by the work of [10, 11] . This paper is organized as follows. In Section 2, we recall some properties of graph and give the problem formulation. Coordinated stability analysis of the agents under network is given in Section 3. Section 4 gives a simulation example. Section 5 is a conclusion. 
Preliminaries
In this paper, we consider a network of dynamical agents defined by a connected graph (,,) GVEA = . The node set V consists of dynamical agents ,
The dynamics of , i piM ∈ are identical and described as follows. The control gain k is designed later. The output map indicates that the state information of dynamical agents is measured by, for example, some remote sensor and transmitted to other agents in network [10] . Due to time-delay in communicated network, the control protocol of the dynamical agent i p is a neighborbased linear control law in the form that 
Coordination of Dynamic Agents with Time-Varying Delay
We study the collective behavior of dynamical agents under a class of communicated networks. The collective behavior of dynamical agents in network can be described by
TTT M vtvt L and its communication topology is characterized by a connected graph G . By
, we denote the initial locations and the initial velocities of the agents, respectively.
Description of Dynamic Systems
Under control protocol (2) with ()() ij tt ττ = for all , ijM ∈ , the dynamical equations of each agent of multi-agent systems are written by
where ()((),())
where L is the Laplacian associated with the connected graph G. Moreover, we have the following result, which is similar to the dynamic systems without time-delay [10] .
Lemma 2 The dynamics of System 7 is stabilized if and only if
are globally asymptotical stable, where 
Main Results
First, by means of linear matrix inequality (LMI), we study consensus stability of dynamic Systems 8 with certain communication transmission time-varying delay () t τ .
Theorem 1
The dynamic equations of (8) 
Proof Consider the dynamic equations of (8) which leads to the result of Theorem 1.
In order to prove our main result relevant to the dynamic Systems 8 with communication transmission time-varying delay, we recite the following lemma [7] . Proof (Sufficiency) Since the undirected communication networked topology G is connected, the eigenval- Due to the reversible orthogonal transform, the M dynamic Systems 8 are equivalent to the System 7. So we get the same result of stability for the System 7. iii PQR >>> and (13). This optimization problem can be solved by using the GEVP solver in Matlab's Control Systems Toolbox [5] .
Considering the matrices in the linear matrix Inequality 13 are continuous for 0 
Simulations
Numerical simulations will be given to illustrate the theoretical results obtained in the previous section. Consider five dynamic agents under network described in Figure 1 .
Here we consider the dynamical equations (\ref{dyn0}) with 2 n = . By employing the LMI Toolbox in Matlab, one gets that the maximum time-delay bound is 2.1152 d = when 0 h = , i.e. the value of time-delay is fixed. When 0.5 h = , the maximum delay bound is 1.2799 d = . And we may get the corresponding feasible solutions in the following. . Figure 2 and Figure 3 show the state and velocity trajectories of the multi-agent systems with time-varying delay ()0.2sin tt τ = .
Conclusions
In this paper, we discuss the coordinate stability of multi-agent systems where the agent is described by double-integrator with time-varying transmission delay in their communicated network. Two different time-varying delays are considered for dynamical systems. We firstly decompose the multi-agent systems into $M$ dynamical systems by certain transformation of state space under the condition of undirected connected communication network. By the methods of linear matrix inequality (LMI), we study each dynamical system with time-varying delay and show that the agents of multi-agent systems can achieve globally asymptotical consensus stability. Meanwhile, the upper bound parameters of time-varying delay can be estimated by checking solutions of LMI. Numerical simulation results are provided and demonstrate the effectiveness of our theoretical results.
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